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I NT 60 DUCT I ON 
, 
Even before the f i r s t  successful a i rp lane f l i g h t s ,  the idea of swept and 
sometimes variable-sweep wings , of ten appeared i n  ear ly  airplane designs. These 
ear ly  appl icat ions o f  sweep usually were l i nked  t o  s t a b i l i t y  and control  consi- 
derations and are not a p a r t  o f  the evolut ion of var iable sweep f o r  high-speed 
airplanes with which we are presently concerned. A chronology o f  research 
re la ted t c  .he development o f  high-speed variable-sweep a i r c r a f t  covering the 
period of t h i s  paper i s  shown as f igure 1. The concepts of both fixed-sweep 
and variable-sweep high-speed a i r c r a f t  trace t h e i r  beginnings t o  aero@nami c 
research carr ied out i n  Germany during the l a t t e r  ha l f  of the 1930's and ea r l y  
1940's. This research established the important benefi ts o f  wing sweep i n  
delaying the onset o f  the so-cal l e d  "compressi b i  1 i ty  drag" associated w i t h  the 
formation of shock waves which were predicted by both theory and wind tunne 
tests t o  occur on the wing a t  speeds above about 500 mph. 
wings t o  high-speed a i r c r a f t  and had pe r iod i ca l l y  cocsidered var iable sweep 
other pressures during the w a r  and the dismantling of t h e i r  aeronautical 
industry a f t e r  the war  precluded any serious research r e l a t i v e  t o  variable- 
sweep a i  r c r a f t .  However, aerodynamic researchers i n  the Uni ted States d i  s- 
covered and ve r i f i ed  the advantages of sweep independently o f  the German research, 
although some 5 years l a te r ,  and i n  1945 as our research e f f o r t  was expanding 
and the German swept-wing resul ts  became available, the aerodynamic technology 
required for successful variable-sweep high-speed a i r c r a f t  began t o  evolve. 
studies, U.S. f l i g h t  experience w i th  two variable-sweep a i r c r a f t  based on an 
ear ly concept, and a j o i n t  program w i th  the United Kingdom followed by an 
extensive Langley research program which provided much o f  the technology f o r  
the world's f i r s t  production variable-sweep a i r c r a f t .  This a i r c r a f t ,  the F 111, 
was soon t o  be followed by others, both i n  the U.S. and Europe. The purpose 
While the Germans, during World War 11, were the f i r s t  t o  apply swept 
This evolut ion spanned some 20 years and included ear ly  Langley wind-tunnel 
o f  t h i s  paper i s  t o  review the research ca r r i ed  out p r imar i l y  a t  the NACA/NASA 
Langley Center which contr ibuted t o  the development of these new a i r c r a f t .  
Sunmary papers t h a t  have addressed di f ferent aspects of variable-sweep h i s t o r y  
have been pub1 ished prevtously. 1 
WORLD WAR I 1  AND A F T E W T H  
The developing war clouds i n  Europe during the l a t e  1930's d i d  indeed a l t e r  
the pace and nature o f  aeronautical research i n  the United States-part icular ly 
that  carr iedout  by the National Advisory Comnittee for Aeronautics (NACA) , which 
embodied the largest  assembly o f  research f a c i l i t i e s  and technical personnel i n  
the United States. NACA had one laboratory, located a t  Langley Field, V i rg in ia ,  
w i t h  a complement i n  l a t e  1939 of 523 personnel , of whom 278 were technical.  
Although NACa had been created during World lJar I t o  provide a base for  making 
United States a i r c r a f t  competit ive wi th  European a i r c r a f t  of the period, there 
was l i t t l e  sustained i n t e r e s t  i n  m i l i t a r y  a i r c r a f t  improvement fo l lowing World 
War I. A i r c r a f t  were considered as secondary arm5 of the Awqy and Navy, and 
i n  s p i t e  o f  the e f f o r t s  o f  such indiv iduals as General B i l l y  M i t che l l  and Major  
Alexander de Seversky' t o  demonstrate a much higher po ten t i a l  value, the 
supporters o f  t r a d i t i o n a l  land and sea weapons prevai led. 
a i r c r a f t  were much more ef fect ive than had been assumed by those responsible 
f o r  U.S. m i l i t a r y  po l icy .  
f ighters were fz,r superior t o  any that  px is ted i n  the U.S. inventory--primari ly 
because of a speed advantage of about 100 mph. Consequently, an intense e f f o r t  
was s tar ted i n  order t o  expedite the development o f  improved a i r c r a f t .  NACA 
was authorized t o  b u i l d  new laboratories a t  Moffett Field,  Ca l i f o rn ia  and a t  
Cleveland, Ohio. Many addi t ional  personnel were h i  red; howelrer, the meagre 
complement o f  experienced people had t o  be d i s t r i bu ted  among the three labora- 
tor ies,  and t h e i r  t a len ts  almost t o t a l l y  committed t o  d i r e c t i o n  of studies i n  
support of the many new m i l i t a r y  designs t h a t  were being developed. Emphasis 
was placed on making the most of ex i s t i ng  techno lop  i n  accelerated development 
of improved a i r c ra f t .  The po l i cy  was ef fect ive t o  the extent that  i t  enabled 
the United States during the c r i t i c a l  years of 1943 t o  1945 t o  b r i ng  new a i r -  
c r a f t  i n t o  service that were equal t o  most German a i r c r a f t  i n  speed and w e e  
c lea r l y  superior i n  range and combat effectiveness. The penalty for  t h i s  
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Soon a f t e r  the onset of World War 11 i n  Europe, i t  became obvious tha t  
I t was also apparent t ha t  German and B r i t i s h  
approach, however, was that the a b i l i t y  of NACA t o  conduct basic and innovative 
research f o r  fu ture appl icat ions was severely l imi ted.  I t  may have been fo r tu -  
nate tha t  Germany was unable t o  produce decisive numbers o f  the advanced a i r -  
c r a f t  they introduced near the end o f  the war, since the a l l i e s  had nothing 
competitive t o  o f fe r .  
and control  problems encountered during high-speed dives, emphasized the 
importance o f  cornpressibl l i ty effects on the wing and the empennage as the 
a i r c r a f t  approached the speed o f  sound. 
w i t h  compressibi l i ty  confined t o  the t i p s  of the propel lers.  
had wind tunnels capable o f  operating up t o  a Mach n u h e r  o f  0.9 and a t  Mach 
numbers o f  1.4 and a603e, i t  became obvious tha t  fur ther increases i n  a i r c r a f t  
speed would require a research capab i l i t y  i n  the region of the speed o f  sound, 
the so-called transonic range. Unfortunately, the wind tunnel designs o f  that  
day were incapable o f  providing v a l i d  data i n  the transonic range. 
i n te r im  techniques were soon developed, however, so that during the l a t t e r  
pa r t  o f  the war, the United States had qu i te  an e f fec t i ve  capab i l i t y  f o r  so lv ing 
high-speed problems and f o r  supportf ng innovative research. 
Several s i g n i f  cant events occurred l a t e  i n  the war that  led  t o  a c lear  
appreciation o f  the transonic t e s t  techniques. i lur ing the summer o f  1944, two 
German swept-wing f ghters (shown i n  f ig. Z ) ,  the rocket-powered Me 163 and the 
turbojet  powered Me 262A, were observed i n  combat; and l a t e r  the JU-287 bomber 
w i th  i t s  fomard-swept wing was observed on the ground. A t  t ha t  t ime, U.S. 
research and design people had no basis f o r  understanding the signi f icance o f  
wing sweep a t  high speeds. 
R. T. Jones, o f  the NACA Langley Aeronautical Laboratory, completed a theoret ica l  
study showing that  the compressibi l i ty drag r i s e  could be delayed and reduced 
by use of wing sweep, as i l l u s t r a t e d  i n  f ig. 3. Jones pointed out t h a t  when an 
inf in i te-span a i r f o i l  i s  a t  an oblique angle t o  the airstream, the aerodynamic 
pressures a t  both subsonic and supersonic speeds are determined so le ly  by the 
veloci ty component perpendicular t o  the a i  r f o i  1 1 eading-edge. He reasoned that  
since t h i s  ve loc i ty  decreases as the sweep angle increases, compressibi l i ty  
effects would be delayed progressively wi th  increasing sweep. For p rac t i ca l  
airplanes of f i n i t e  span, i t  would appear that  the advantage suggested by Jones 
Experiences i n  combat during the ear ly  war years, such as the s t a b i l i t y  




However, j u s t  a few months l a te r - i n  January 1945-  
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could be rea l ized by a f t n i t e  wing skewed r e l a t i v e  t o  the d i r e c t i o n  of f l i g h t ,  
o r  by symmetrical wings having e i  the? swept-back o r  swept-forward wing panels. 
I n  a l i t t l e  more than 2 months, the United States began t o  receive in for -  
mation acquired by the Al l l 'ed forces i n  Europe ind i ca t i ng  t h a t  the supersonic 
advantage o f  sweep had been discovered i n  Germany by Adol f  Busemann and tha t  
he had presented h i s  resul ts  i n  a paper a t  the F i f t h  Volta Conference' i n  Rome 
i n  1935. I t  i s  i r o n i c  tha t  fnv i ted papers were presented a t  the Conference by 
representatives o f  many coulitr ies, inc lud ing the United States'; however, 
apparently l i t t l e  a t tent ion was given t o  Busemann's findings other than by a 
few ind iv iduals  i n  Germany. 
ducted wind-tunnel studfes 6y mid-1940 t h a t  showed an advantage of sweep a t  
high subsonic speeds as we l l  as confirming the advantage o f  supersonic speeds. 
Within a very short ;;im a f t e r  obtaining the German information, Langley made 
use o f  i t s  new t e s t  techniques and demonstrated that  the advantage o f  sweep also 
existed a t  transonic speeds. 
the theoret ica l  f indings o f  Busemann and Jones, the German experimental data a t  
subsonic and supersonic speeds, and the NACA transonic data--a perspective of 
the bene f i t  o f  wing sweep was developed. This i s  shown q u a l i t a t i v e l y  i n  f igure 4 
i n  terms o f  the r a t i o  o f  l i f t  t o  drag, o r  aerodynamic ef f ic iency.  over the speed 
range. 
span--though very favorable through most of the subsonic-range-becomes unattrac- 
t i v e  as :lath 1 i s  approached. 
the oblique-wing concept, represented by the broad shaded band, appear a t t r a c t i v e  
i n  the transonic and supersonic ranges. The conclusion drawn by many i n  the 
United States during 1945 and 1946 was that  the best of a l l  worlds would involve 
having straight-wing character is t ics  a t  low speeds and swept-wing character is t ics  
beyond the point  where compressibi l i ty ef fects began t o  appear. 
swept wings i n  a l l  technical areas t o  enable designers t o  evaluate both f i x e d  
sweep and variable sweep i n  r e l a t i o n  t o  t h e i r  mission objectives. One example 
was an i n t e r i m  study o f  the low-speed s t a b i l i t y ,  control ,  and performance o f  
wings of many d i f ferent  planform ( i l l u s t r a t e d  i n  f ig.  5). This study8 began 
i n  July o f  1945 and provided a base for considerable work i n  such areas as 
aerodynamics, structures, and f l i g h t  dynamics. There seemed t o  be l i t t l e  
I t  also became evident t h a t  the Germans had con- 
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By combining i n fomat ion  from the various sources-- 
I t  i s  indicated t h a t  the e f f i c i ency  of a s t ra igh t  wing w i t h  i t s  longer 
I n  contrast, the three po ten t i a l  appl icat ions o f  
The course taken by WCA a t  t h i s  time was t o  enlarge the data base on 
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urgency f o r  t es t i ng  a spec i f i c  design o f  symlet r ica l  variable sweep, since the 
data resu l t i ng  f rom the more general inves t iga t ion  o f  various planforms pro- 
vided the base needed f o r  any prel iminary studies. 
since there were widespread reservations about the f l y i n g  q u a l i t i e s  o f  h igh ly  
unsynmetrical a i r c r a f t ,  and a f r e e - f l i g h t  inves t iga t ion  o f  an oblique-wing 
model was undertaken during March o f  1946.' The tests  were made i n  the Langley 
Free-Flight Tunnel, which used an i n c l i n e d  airstream t o  allow continuous 
g l i d i n g  f l i g h t  w i th  no model t h rus t  required. A photograph o f  the model i n  
f l i g h t  i s  shown i n  f i gu re  6. 
through a f l e x i b l e  t r a i l i n g  cable. 
model were qu i te  good. There were some changes i n  longi tud ina l  and l a t e r a l  
t r i m  as skew angle increased, bu t  these were eas i l y  handled by the contro ls  up 
t o  a skew angle o f  about 40°. A t  higher skew angles, the l a t e r a l  cont ro l  
became weak, u n t i l  a t  60° the ai lerons were no longer adequate f o r  both 
handling the l a t e r a l  t r i m  change and prov id ing desired r o l l  control .  I t  i s  
i n te res t i ng  tha t  the character is t ics  o f  t h i s  small and ra ther  p r i m i t i v e  model 
are consistent w i th  resu l ts  from a f l i g h t  inves t iga t ion  o f  a manned oblique- 
wing a i r c r a f t  ( f i g .  7) recently made a t  the NASA Dryden F l i g h t  Center." 
b r i ng  about an immediate rush t o  develop oblique-wing a i r c ra f t .  
s y m t r i c a l  variable sweep was receiv ing increasing at tent ion,  though more from 
the standpoint of obtaining fu l l - sca le  f l i g h t  experience w i t h  d i f f e ren t  ''weep 
angles than o f  der iv ing a mission advantage froin the a b i l i t y  t o  vary the sweep 
angle i n  f l i g h t .  However, there were several people who had thoughts o f  
developing a variable-sweep research airplane t o  evaluate the mission advantages. 
One, C. 3 .  Donlan of the Langley Research Center,who d i rected during the l a t t e r  
p a r t  of 1946 what i s  bel ieved t o  be the F i r s t  wind tunnel s t u w  o f  the 
symmetrical variable-sweep concept." I n  these tests,  the X-1 research airplane 
model was modified t o  accomodate a wing a t  various sweep angles. 
shows sketches of the basic X-1 and of the model w i t h  a modified wing posit ioned 
a t  Oo, 1S0, 30°, and 45' sweepback. The wing was assumed t o  sweep about a f i xed  
p i vo t  po in t  on the fuselage centerl ine, which was believed t o  be the most p rac t i ca l  
arrangement for  the X-1 airplane without a major redesign. The tes ts  included 
The oblique-wing (o r  skewed-wing) concept was a somewhat d i f f e ren t  matter, 
The controls were actuated by e l e c t r i c a l  pulses 
Surprisingly, the f l y i n g  q u a l i t i e s  o f  the 
Qu i te  understandably, the f r e e - f l  i gh t  oblique-wing tests  i n  1946 d i d  no t  
The idea o f  
Figure 8 
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ef fec ts  o f  a cutout a t  the wing roo t  which opened as the wing sweep was 
reduced. I t  was thought t h a t  the cutout would vary the downwash a t  the t a i l  
i n  a way t o  reduce the t rave l  o f  the airplane center of lift; however, only 
a very small improvement was obtained. 
Photographs o f  the X-1 model i n  the tunnel are shown i n  f i g u r e  9. Test 
resul ts  along w i th  ana ly t i ca l  studies y ie lded the perspective of var iab le 
sweep sumnarized i n  f i g u r e  10. 
and center o f  g rav i ty  i n  percent o f  the wing mean chord as the wing swcep 
angle i s  changed. 
ward ( t o  the r i g h t  i n  the f igure)  of the center of grav i ty .  Although some 
pos i t i ve  s t a b i l i t y  i s  almost essent ia l ,  too much s t a b i l i t y  w i l l  r e s u l t  i n  
excessive t r i m  drag i n  addi t ion t o  r e s t r i c t i n g  the manueverabil ity of the 
airplane. The p l o t  on the l e f t  side applies t o  the condi t ion o f  a f i x e d  
pivot ,  tha t  i s ,  no wing t rans la t ion  as the sweep angle i s  changed. The data 
are given fo r  a s t a b i l i t y  margin of about 5 percent chord w i th  the wing a t  
15O sweepback. As the sweep angle i s  increased t o  4 5 O ,  the s t a b i l i t y  margin 
becomes i n  excess o f  50 percent a t  subsonic speeds and 70 percent o r  more a t  
supersonic speeds. 
One solut ion, a1 though undesirable from complexity and weight considera- 
t ions, i s  t o  provide fore and a f t  t rans la t ion  coordinated w i th  the sweep 
changes. The p l o t  on the r i g h t  i l l u s t r a t e s  s t a b i l i t y  var ia t ions that  seem 
desirable and t h a t  can be achieved by a t rans la t ion  o f  about 50 percent o f  the 
mean chord. I f  a la rger  t rans la t ion  i s  ava i lab le for  use a t  supersonic 
speeus, then the effect of a s h i f t  i n  the center o f  l i f t  w i th  Mach number can 
also be reduced. 
The X-1  model tests l e f t  l i t t l e  doubt that  sweep var ia t ion  about a f i x e d  
p ivo t  located w i th in  the fuselage i s  not acceptable. 
a more complex variable-sweep approach for  the X-2 research airplane, whicn a t  
that  time was i n  a very ear ly  stage of d e t a i l  design; however, the think.ing o f  
both Langley and the B e l l  Company soon sh i f ted to the p o s s i b i l i t y  o f  a 
variable-sweep version of the Messerschmitt P-1101 design. The only prototype 
P-1101 was discovered by an A l l i e d  team near the end o f  the war i n  an a lmost  
completed and f lyable state.  One may be tempted t G  bel ieve that  the wings 
were t o  be attached t o  the fuselage through a variable-sweep nlechanism, such 
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The f igure  shows t r a v e l  of the center o f  l i f t  
A s tab le condi t ion ex is ts  when the center o f  l i f t  i s  r e a r -  
These values c l e a r l y  are much la rger  than could be tolerated. 
Donlan b * i e f l y  considered 
as had been designed by Llppisch" while working a t  Messerschmitt. 
evidence13 indicates however t h a t  flight-adjustable sweep was not  intended, 
b u t  that  the wings were t o  be attached t o  the fuselage a t  different sweep 
angles t o  permit flight tests a t  35O, 40°, and 45O t o  assist in the selection 
of sweep angle for the more advanced P-1110 design. The P-1101 prototype was 
shipped t o  the United States after the war and delivered to  the Bell Company, 
since they had expressed interest in both ground-adjustable sweep and flight- 
adjustable sweep over qul'te a large sweep range. A t  t h a t  time, severe 
stability problems were being identified for swept-wing aircraft, and the Bell 
Company believed t h a t  a major effort was needed t o  (1) determine how much 
sweep could be tolerated i n  a fixed-sweep airplane and ( 2 )  evaluate potential 
advantages of in-flight variable sweep. 
The 
EARLY VARIABLE-SWEEP AIRPLANES 
Late in 1948, the Bell Company proposed t h a t  the U.S. Air Force fund a 
limited production of variable-sweep aircraft based on the Messerschmitt P-1101 
design. After much study, the Air Force concluded t h a t  the configuration and 
size of the proposed airplane were such t h a t  the range and capability of carry- 
ing weapons would be very limited and therefore, rejected the proposal. Bell 
next proposed construction of two vari able-sweep research airplanes. This 
proposal was accepted in February of 1949 and the a i rc raf t  became the Air 
Force/NACA X-5 research airplane. I t  was the world's f i r s t  variable-sh--:, 
aircraft and had provision for a translating wing with sweep angle varying fron, 
20' t o  60°, as shown by a superposition photo in figure 11. I n  profile, the 
X-5 differed l i t t l e  from the P-1101, as shown in figure 12. Also, the wing 
area, fuselage length, and qross weight differed l i t t l e  between the two air-  
planes. Although the P-1101 was not a variable-sweep aircraft proj?ct and 
never flew, i t  i s  clear t h a t  the post-war transfer of German data on swept 
wings and the availability of the P-1101 prototype in the United States contri- 
buted significantly t o  the development of the world's f i r s t  variable-sweep 
aircraft. 
on the California liojave Desert on June 20, 1951. The research program pro- 
ceeded quite smoothly and yielded a wealth of information on stability and 
control 
The f i r s t  flight of the X-5 was made a t  the N4CA High-speed Flight Station 
loads buffeting, and performance for several sweep angles between the 
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two l i m i t s  (20' and 60'). As f o r  evaluatlon o f  the a i rp lane i t s e l f ,  the f ind ings 
were not spectacularly impressive. A t  minimum sweep, the landing and takeof f  
performance as we l l  as the  ra te  o f  climb and l o i t e r  capab i l i t y  were good :om- 
pared wi th ftxed-sweep ftghtew o f  tha t  period. The sweep mechanism performed 
we l l  throughout the program and provided the s t a b i l i t y  margins t h a t  were 
desired. 
however, and added t o  the bu lk  o f  the airplane a t  the wing-fuselage juncture. 
This airplane had severe s t a b i l i t y  problems a t  h igh angles of attack fo r  both 
the low and the high sweep angles, although these problems could hardly be 
re la ted i n  any way t o  the variable-sweep feature. Throughout i t s  l i fe t ime,  
the X-5 was operated b i t h  an i n te r im  engine, because the engine planned f o r  the 
airplane d i d  no t  become avai lable. Consequently. the maximum ? e v e l - f l i g h t  Mach 
number was only about 0.85, althaugh as much as 0.97 was achieved i n  a shallow 
dive.14 
The sweep and t rans la t i on  mechanism ended up somewhat overweight, 
The X-5 f l i g h t  program was terminated i n  October 1955--more than 4 years 
a f t e r  the f i r s t  f l i g h t .  
was used pr imar i l y  i n  a chase ro le  t o  support other research invest igat ions 
a t  the f l i g h t  s ta t ion.  
good l o i t e r  and accelerat ion character is t ics  and i t s  wide range o f  operating 
speeds. A t  the time, these l a t t e r  character is t ics  d i d  n o t  receive much 
a t ten t ion  i n  r e l a t i o n  t o  possible m i l i t a r y  applications; however, they l a t e r  
were t o  be given more signif icance. 
over fixed-sweep a i r c r a f t  was i d e n t i f i e d  for  the X-5. 
by the Navy's development of the XF1OF,l5 which was authorized i n  December 
1950. The variable-sweep arrangement 
Mas generally s im i la r  t o  tha t  o f  the X-5 i n  tha t  the l o n g i t u d i n a l - s t a b i l i t y  
margin was cont ro l led  by t rans la t i ng  the wing as sweep was varied. Unlike the 
X-5, however, the XFlOF was t o  be operated only a t  the two extremes o f  the 
sweep range, tha t  i s ,  12.5' and 42.5'. 
F l i gh t  tes t ing  of the XFlOF began i n  May 1952. As w i t h  the X-5, the 
airplane was plagued wi th  many problems having nothing t o  do w i th  the var iab le-  
sweep feature, which was p r a c t i c a l l y  trouble-free. Severe contro l  system 
problems tha t  were encountered required makeshift subst i tu t ions f o r  both the 
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For about the l a s t  2 years o f  i t s  l i f e ,  the X-5 
I t  performed we l l  i n  the chase r o l e  because of i t s  
I n  the mid-l950's, no c lear  advantage 
A second opportunity t o  exp lo i t  the variable-sweep concept was provided 
The a i r c r a f t  i s  described on f igure 13. 
longi tud ina l  and l a t e r a l  control  systems i n  order f o r  f l i g h t  t es t i ng  t o  continue. 
As was the case f o r  the X-5, the XFlOF never received the engine i t  was intended 
t o  have and i t s  performance was severely l imi ted.  
u n t i l  June 1953, when the Navy cancelled plans f o r  production o f  the FlOF. 
cancel lat ion was due i n  p a r t  t o  the disappoint ing resu l ts  c f  the f l i g h t  tests  
and i n  p a r t  t o  the development o f  the slant-deck c a r r i e r  and steam catapult,  
which allowec fixed-sweep airplanes i n  the mid-1950's t o  be operated from 
car r ie rs .  This l a t t e r  s t tua t ion  grea t ly  reduced the attract iveness of var iab le 
sweep. 
The f l i g h t  program continued 
The 
JOINT PROGRAM WITH UNITED KINGDOM 
A t  the conclusion of f l i g h t  a c t i v i t i e s  of both the X-5 and the XFlOF, 
m i l i t a r y  i n te res t  i n  variable sweep was a t  a low ebb. There s t i l l  was l i t t l e  
hope tha t  supersonic f l i g h t  could be achieved f o r  mwe than b r i e f  dashes and, 
w i th  aerodynamic " f i xes"  a l l e v i a t i n g  some of the swept-wing problems, a f i xed-  
geometry compromise between low-speed and high-speed needs seemed acceptable. 
Also, i t  was d i f f i c u l t  to  disassociate the X-5 and XFlOF problems from variable 
sweep, even though i n  fact  they had l i t t l e  t o  do w i t h  t h a t  feature. 
case, whether j u s t i f i e d  on not, the subject of var iab le sweep was no t  popular 
i n  m i l i t a r y  planning during 1954 and 1955. 
reassessment o f  variable sweep occurred: 
WS-110 (which eventual ly mater ia l ized as the 8-70] ind icated tha t  sustained 
supersonic f l i g h t  was feasible bu t  required higher sweep angles and lower 
aspect ra t ios ,  which would fur ther  aggravate takeoff and landing problems and 
(2 )  i n te res t  was growing i n  the iw l t im iss ion  concept as a veans o f  reducing 
t o t a l  m i l i t a r y  development costs and the number of a i rcraf . .  types. A s  a 
resu l t  variable sweep began t o  emerge as a possible solut ion.  
l i t t l e  a c t i v i t y  re la ted  t o  variable sweep. 
ind iv iduals- -especia l ly  C.  3. Donlan of NACA Langley, who pe r iod i ca l l y  
engaged i n  discussions w i t h  s t a f f  members on the merits of var iab le sweep i n  
l i g h t  of the new developments i n  both technology and m i l i t a r y  requirements. 
A low-level e f fo r t  a lso was continuing i n  the Ucited Kingdom because o f  a 
long-standing i n te res t  of 9arnes N. Wallis, Head of Research and Development 
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I n  any 
During the next few years, however s?me changes tha t  would lead t o  a 
(1) industry studies re la ted  t o  the 
After the conclusion o f  the X-5 and FlOF programs, there had been very 
In te res t  was sustained by a few 
f o r  the Vickers-Armstrong A i r c r a f t  Company. 
supersonic transport had gone through many i t e ra t i ons  and, by mid-1957, had 
been developed i n  such d e t a i l  tha t  a decision on whether o r  not t o  continue 
support needed t o  be made. A t  tha t  time, a very r e s t r i c t i v e  United Kingdom 
po l i cy  on the development o f  new a i r c r a f t  p r a c t i c a l l y  ru led  out anything bu t  
nominal f i nanc ia l  support hy the Government; however, an a l te rna t i ve  was t o  
approach the United States on a possible j o i n t  program t o  study the mer i ts  
o f  Wall i s  a i  r p l  ane-then ca l  l e d  the "Swal low. 'I 
a request tha t  NACA review the "Swallow" design. 
a t ten t ion  o f  Donlan and John Stack, an ass is tant  d i rec to r  of Langley and a 
member o f  a weapow-development s teer ing group of NATO. Drawings of the 
"Swallow" configuration are shown i n  f i gu re  14. 
swept arrow wing wi th no a f t  t a i l  surfaces and w i th  only a very small fuselage. 
Wing p ivots  were located some distance outboard of the center l ine.  With the 
wing unswept, a wing aspect r a t i o  comparable t o  tha t  o f  fixed-sweep j e t  
transports was realized. J e t  engines were mounted on pylons above and below 
the wing on the outer  panels. 
would remain a l ined  w i th  the f l i g h t  d i rec t i on  as the wing sweep varied. The 
engine nacelles also were pivoted r e l a t i v e  t o  the pylons i n  order t o  i n c l i n e  
the engine th rus t  symmetrically f o r  p i t c h  contro l  and asymmetrically for  r o l l  
control .  With the engines a t  near i d l e  thrust ,  i t  was bel ieved t h a t  s u f f i c i e n t  
control  could be obtained simply by changing the or ien ta t ion  o f  the nacel les. 
The Langley review of the "Swallow" i d e n t i f i e d  several po ten t ia l  problems; 
however, both Donlan and Stack shared an i n te res t  i n  va!*iable sweep f o r  a 
m i l i t a r y  ro le .  Accordingly, arrangements were made f o r  a v i s i t  o f  a U.K. team 
t o  Langley t o  discuss the Swallow and a possible j o i n t  U.S./U.K. program. The 
meeting was heid a t  Langley i n  November 1958 and the j o i n t  program out l ined  i n  
f igure 15 was agreed to. The U.K. was t o  t e s t  Swallow models a t  subsonic, 
transonic, and supersonic speeds but  w i t h  no prov is ion t o  determine power 
ef fects  by simulat ing engine thrust .  Langley agreed t o  evaluate power e f fec ts  
a t  transonic speeds and i n  addi t ion t o  invest igate various Langley-derived 
variable-sweep concepts, a l l  of which would assume the engines t o  be located 
i n  the bo& of somewhat conventional wing-body configurations. A second p a r t  
His concept o f  a variable-sweep 
United Kingdom contacts wi th  the United States during May o f  1958 l e d  t o  
The request came t o  the 
The design was a very h igh ly  
The pylons were required t o  p i v o t  so tha t  they 
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o f  the j o i n t  program--referred t o  as "supporting research"--involved Errow- 
wing studies i n  which U.K. would invest igate pressure d i s t r i bu t i ons  and contro l  
forces, wh i le  Langley would study induced drag as affected by camber and the 
e f fec ts  o f  attaching a center fuselage t o  the wing. 
out an engineering destgn study t o  account f o r  f indings from the wind-tunnel 
tests o f  the Swallow. 
Shor t ly  a f t e r  the meeting w i th  the U.K. v i s i t o r s ,  Langley began prepara- 
t i o n  o f  the model and apparatus f o r  the power-effects tes ts  of the Swallow i n  
the Langley l6-Foot Transonfc Tunnel. 
r e l a t i v e l y  simple models o f  the Langley variable-sweep concepts a.-d the Swallow 
f o r  invest igat ion a t  low speed i n  the Langley 7- By 10-Foot Tunnel. The l a t t e r  
tests  began no more than 2 weeks a f te r  the j o i n t  program agreement. The arrow- 
wing swallow model was designated configuration I and i s  shown mounted i n  the 
tunnel with wings adjusted t o  both minimum and maximum sweep angles i n  the 
photographs o f  f igure  16. 
r e l a t i v e  t o  the pylons t o  measure contro l  power i n  p i t c h  f o r  the engine-out 
condition. 
The four  configurations tested are shown i n  f igure  17. Configuration I 
represented the Swallow and Configurations I 1  and I 1 1  were the i n i t i a l  Langley 
configurations which u t i l i z e d  wings having planforms and p i v o t  locations some- 
what s i m i l a r  t o  the Swallow but  munted on a conventional fuselage having 
in te rna l  engines. Configuration 11 u t i l i z e d  a canard f o r  longi tud ina l  t r i m  and 
a sinal1 fo ld ing a f t  t a i l  as ti possible means o f  reducing the undesirable t rave l  
i n  center of l i f t  w i th  sweep changes mentioned e a r l i e r .  Configuration 111 
el iminated the canard and u t i l i z e d  a large fo ld ing a f t  t a i l .  Longitudinal 
control  was provided by the t a i l  when the wing v a s  i n  the low-sweep pos i t ion  
and by wing elevons when the wing was swept and the t a i l  folded. Configuration 
I V  was added several weeks l a t e r  as the f i n a l  Langley configuration and i s  
described subsequently. 
t ions  I through 11' exhib i ted much smaller var ia t ion  i n  s t a b i l i t y  margin w i th  
sweep angle than tha t  described e a r l i e r  for  the X - 1  wi th  the wing p i v o t  on 
the fuselage center l ine bu t  s t i l l  l a rger  than desired. 
Also considered i n  the wind tunnel study were the pitching-moment 
l i n e a r i t y  v i t h  changes i n  lift, the d i rec t iona l  s t a b i l i t y ,  and the longi tud ina l  
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The U.K. agreed t o  carry  
Also, construction began on some 
Provision was made f o r  i n c l i n i n g  the engine nacelles 
The tests  i n  the Langley 7- By 10-Foot Tunnel ind icated tha t  configura- 
contro i  power. For the arrow wing (conf igurat ion I ) ,  the l i n e a r i t y  o f  the 
var ia t ion  o f  p i t c h  w i t h  l i f t  was rated poor, whereas d i rec t iona l  s t a b i l i t y  
was rated good. The p i t c h  contro l  power obtained by i n c l i n i n g  the nacelles 
i n  a ve r t i ca l  plane was t o t a l l y  inadequate for  the engine-Ght condi t ion-  
the canard model (conf igurat ion 11) k i t c h  l i n e a r i t y ,  d i rec t iona l  s t a b i l i t y ,  
and p i t c h  contro l  were a l l  ra ted f a i r .  The f o l d i n g - t a i l  model (conf igurat ior  
111) was rated good f o r  p t t ch  l i n e a r i t y  and d i rec t iona l  s t a b i l i t y .  
cont ro l  w i th  the a f t  t a i l  used a t  low wing sweep was good, but a t  high sweep, 
the elevon power was poor. 
o f  tests  o f  the f i r s t  three and w-:, the r e s u l t  of a theore t ica l  study car r ied  
out by Langley researchers i n  p a r a l l e l  w i th  the i n i t i a l  wind tunnel tests .  
This study deal t  w i th  the e f f e c t  of wing p i vo t  locat ion and the geometry o f  
the forward f i xed  por t ion  o f  the wing w i t h  regard t o  the manner i n  which the 
aerodynamic load d i s t r i b u t i o n  s h i f t e d  as the wing sweep was changed. An 
analysis of the resu l ts  suggested t h a t  if the p i v o t  was s t ra teg i ca l l y  located 
outboard o f  the fuselage, the same span increase could be obtained whi le  
simultaneously reducing the s h i f t  o f  the center o f  l i f t  w i t h  sweep. 
resul ted from a combination o f  reduced geonletry s h i f t  o f  the r o t a t i n g  wing 
panel and a greater s h i f t  of load between tha t  panel and the r e l a t i v e l y  
larger  f ixed port ion.  This configuration, if succcssful, would solve the 
cen te r -o f - l i f t  t rave l  problem and, w i th  i t s  conventional arrangement o f  the 
hor izontal  and ve r t i ca l  t a i l s  a t  the rear  o f  the fuselage, would avoid the 
addi t ional  variable-geometry complexities o f  the Swallow and the f i r s t  two 
Lana1 ey con f i g w a  t i  ons . 
reducing the center -o f - l i f t  t rave l ,  w i th  the maximum t rave l  being only 9.5 
percent chord a t  50' sweep and being essent ia l l y  the same f o r  the low- and 
high-sweep conditions. The p i t c h  l i n e a r i t y ,  though not  without f a u l t ,  was 
considered sat is factory  and given a fair-to-good rat ing.  
and p i t c h  control  both were ratea yood. 
configurations tha t  the engine-in-fuselage design w i th  the outboard-pivot wing 
showed promise of being a p rac t i ca l  approach. The Swallow-type arroh wing may 
have had the po ten t ia l  for  higher aerodynamic ef f ic iency;  however, a very 
For 
P i tch  
-i'he f i na l  model (conf igurat ion I V )  was added a few weeks a f te r  completion 
This 
The wind tunnel "ests of configuration I V  confirmed i t s  advantage i n  
Di rect ional  s t a b i l i t y  
I t  was the opinion of reviewers of the low-speed tes t  datal6 on the four  
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considerable e f f o r t  would have been necessary t o  resolve i t s  several problems. 
A f ! ;rv judgement was no t  made on the basis of the lw-speed tes ts  i n  the 7- 
By 10-Foot Tunnel, however, since the transonic study of a more elaborate 
model w i th  power simulat ion had no t  y e t  been started. When the transonic 
resul ts d i d  become available, they fa i l ed  t o  show tha t  further pursu i t  of 
the Swallow configuration would be pro f i tab le .  
A f te r  completion o f  the 7- 6y 10-Foot Tunnel tests  o f  the outboard-pivot 
design, addi t ional  tests17 were made a t  Mach 2-01 i n  the Langley 4- By &Foot 
Supersonic Pressure Tunnel 
the Langley 8-Foot Transonic Pressure Tunnel. A l l  these tests  were completed 
by A p r i l  1959, and the data were transmitted t o  the United Kingdom on 
July 14, 1959. A b r i e f  summary o f  some of the data over the t e s t  rarge o f  
Mach nu.zbers, as obtained with the i n i t i a l  oumoard-pivot design (conf igurat ion 
I V ) ,  i s  given i n  f igure 18. A t  a Mach number o f  0.25, a l i f t - d r a g  r a t i o  o f  
10.8 was indicated a t  12.5' sweep. The value of l i f t - d r a g  r a t i o  was not 
par t  i cula r l y impress i ve; however, the aerodynami c i s  t s  were confident t h a t  
refinements i n  the wing design and the ef fects o f  increasing Reynolds number 
t o  a f l i g h t  value would b r i n g  improvement, and t h i s  was ve r i f i ed  l a t e r .  A t  
75' sweep, l i f t - d r a g  r a t i o s  ranging from 8 . 3  a t  Mach 0.7 to  5.4 a t  Mach 2 
were regarded as good f o r  f ighter-c lass airplanes. A t  Mach 0.25, ro! l -control  
power provided by wing ai lerons was gaod a t  12.5' sweep but was considered 
and over a transonic speed rangc t o  Mach 1.3 i n  
inadequate a t  75' sweep. D i f f e r e n t i a l  def lect ion o f  the horizonta 
found to  be more ef fect ive than the a i leron def lect ion a t  75O wing 
A sat isfactory la tera l -cont ro l  system, therefore would seem t o  invo 
the ai lerons a t  low speed and low sweep, and use of the hor izonta l  
possibly the hor izontal  t a i l  and wing ai lerons i n  soinbination a t  h 
and high sweep. 
t a i  1 was 
sweep. 
ve use of 
t a i l  o r  
gh speed 
During the program ( f i g u r e  19), tests were made i n  four wind tunnels fo r  a 
t o t a l  o f  about 500 hours over the per iod f r o m  December 1958 t o  Ju ly  1959, 
and the resul ts  were transmitted t o  the United Kingdom i n  several stages from 
July t o  December of 1959. A theoret ica l  study of camber and center-body 
effects for  a-row wings was performed, and the resul ts  were transmitted i n  
July 1959. I t  was concluded by the Langley par t ic ipants  that  the Swallow- 
type configuration d i d  not o f f e r  much promise f o r  a near-term appl icat ion.  
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The outboard p i v o t  arrangement i n  a configuration wi th engines i n  a center 
fuselage and a conventional t a i l  a t  the rear  of the fuselage a,)peared t o  be 
a simpler approach, d i d  no t  show any serious problems over the range o f  t e s t  
conditions, and seemed t o  have a t t r a c t i v e  perfbrmance po ten t ia l .  
therefore judged most promising f o r  near-term app l ica t ion  i n  a m i l i t a r y  
a i r c r a f t .  
I t  was 
Some de ta i l s  o f  configuration I V  are shown i n  f i gu re  20. 
APPLlED RESEARCH PROGRAM 
Once the configuration I V  data were i n  hand, Langley Larr ied out the 
prel iminary design o f  an attack a i r c r a f t  which ind icated a t t r a c t i v e  m u l t i -  
mission capab i l i t ies ,  and the research program was rap id ly  expanded t o  pro- 
vide the technology required f o r  successful appl icat ion of the conf igurat ion 
concept. The technical areas of the program included 
and contro l )  
0 C on f i g ura t  i on ref  i nemen t s  ( ae rodynami c performance , stab i 1 i t y  , 
0 Aerodynamic performance analysis 
0 Propulsion aspects 
0 Sweep mechanisms 
e Structura l  dynamics 
.Flying q u a l i t i e s  
Close contact was maintained with the Navy, the A i r  Force, and the airframe and 
engine irianufacturers t o  assure tha t  research applicable t o  the various mission 
requirements uas car r ied  out. This program, which continued for  approximately 
3 years, involved nearly every major wind tunnel f a c i l i t y  a t  the Langley Research 
Center and played a p r inc ipa l  r o l e  i n  the development of the F-111, the F-14 
and the 6-1. 
which can best be described by d i v id ing  i t  i n t o  a section re la ted  t o  Navy 
requirements and ?ne re la ted t o  A i r  Force requirements--recognizing, o f  course, 
that  niuch was applicable t o  both--a1 though the program included both general 
and applied research. 
_I Research re1 ated t o  Navy requirements 
a i r  pa t ro l  mission and resul ted i n  the construction of the sophist icated high- 
speed wind tunnel research modcl shown i n  f igure 21. P r i o r  t o  construction o f  
t h i s  model, however, an ex i s t i ng  North American A35 model was modified and 
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Space w i l l  permit only a very b r i e f  overview o f  the program, 
The i n i t i a l  confiquration studies were re la ted  t o  the Navy's combat 
provided an ea r l y  source o f  addt t lonal  aero4ynamic data. Modi f icat ion o f  the 
A33 was re la ted  t o  the suggestion 
North American A3J a i r c r a f t  mtght lie r e t r o f i t t e d  w i t h  the variable-sweep wing 
as a possfble growth version o f  the a i r c r a f t .  The loca t ion  of the A3J wing 
on top o f  a r e l a t i v e l y  wide fuselage made the r e t r o f i t t i n g  o f  a new wing and 
housing o f  the required variable-sweep mechantsm an a t t r a c t i v e  p o s s i b i l i t y .  
Fol lowins studies by 60th Langley and North American, a wind tunnel 
program was i n i t i a t e d ,  w i t h  Langley designing and bu i l d ing  an outboard-pivot 
wing based on the conf igurat ion I V  concept and North American providing the 
design and hardware required t o  invest igate t h e i r  i n te res t  i n  the p o s s i b i l i t y  
o f  u t i l i z i n g  the basicA33 wing modified t o  provide var iab le sweep w i th  an 
inboard p i v o t  and small f i x e d  glove. The Langley studies of possible combat 
a i r  pa t ro l  a i r c r a f t  designs were factored i n t o  the design o f  the outboard- 
p i vo t  wfng. Sketches o f  the plan and side views o f  the resu l t i ng  conf igurat ion 
are presented on the lef t -hand side o f  f igure 22. The inboard-pivot configura- 
t ion,  which u t i l i z e d  the basic A3J wing and was provided by North American, i s  
shown i n  the upper r i gh t .  
concept studied l a t e r  i n  r e l a t i o n  t o  A i r  Force requirements. 
I n  November o f  1959, the A3J m d e l  was tested w i t h  both the outboard- and 
inboard-pivot wings i n  the Langley 300 mph 7- By 10-Foot Tunnel. The results,18 
which were the f i r s t  obtained w i th  the outboard-pivot concept on an actual  
a i r c r a f t  model, added fu r the r  substant iat ion of the advantages previously 
demonstrated w i th  tha t  conf igurat ion.  
on the appl icat ion of var iab le sweep t o  the comb& a i r  pa t ro l  mission.. The 
next month, Langley extended i t s  research using the A3J model w i t h  the Langley 
wing t o  transonic and supersonic speeds i n  the Langley 8-Foot Transonic 
Pressure Tunnel and the $-Foot Supersonic Pressure Tunnel, prov id ing addi t ional  
design information for the industry combat a i r  pa t ro l  studies. 
Because of the growing i n t e r e s t  i n  the variable-sweep concept shown by the 
Navy, A i r  Force, and industry,  Langley broadened i t s  research prograrnl9 t o  
include such areas as wing f l u t t e r ,  the development o f  h igh l i f t  and la te ra l  
control  systems, wing p i vo t  z t ruc tu ra l  design, and various aspects o f  f l y i n g  
qua l i t ies .  
o f  the development of a new turbofan engine t o  match the new a i r c r a f t  
John Stack, i n  Ju ly  o f  1959, that  the 
i n  the lower r i g h t  i s  shown a fully-folded-wing 
I n  December o f  1959, the Navy s o l i c i t e d  f e a s i b i l i t y  studies from indust ry  
During th i s  per iod Langley researchers also stressed the importance 
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versat i  1 i ty of fered 4y the variable-sweep wing. 
program, addi t ional  models were constructed f o r  the various special ized studies. 
Two o f  the many studies can be described w i t h  the photographs of two o f  the 
addit ional models shown En f i g u r e  23. 
scale model o f  the A33, modiffed by the appl icat ion of the outboard-pivot 
variable-sweep wing. ThTs i s  a dynamically-scaled ra t i o -con t ro l l ed  model used 
i n  drops from a hel icopter  t o  study spin ent ry  and recovery character is t ics .  
I n  addi t ion t o  the usual remotely operated controls, the sweep angle could also 
be remotely adjusted. A t o t a l  o f  about 30 drops were made with the modified 
A 3 5  model plus an addi t ional  20 w i t h  a general-research model. Spin-recovery 
techniques, inc lud ing the use o f  wing-sweep changes, were developed during 
t h i s  study. On the r i g h t  o f  f igure 23 i s  a multiple-exposure photograph o f  a 
CAP I 1  model undergoing a wing-sweep t r a n s i t i o n  during f ree - f l i gh t  powered- 
model tests  i n  the Langley Full-Scale Tunnel. 
thrust  was provided by compressed a i r  supplied through a f l e x i b l e  hose t o  a 
nozzle a t  the rear o f  the fuselage. The aerodynamic controls were operated 
remotely by two p i l o t s ,  one for p i t c h  control  and the other fo r  r o l l  and yaw. 
The model was r e l a t i v e l y  easy t o  f l y  during the sweep t rans i t i ons  fo r  the 
sweep range o f  25' t o  75' contemplated for the CAP airplane. Some e r r a t i c  
motions resu l t i ng  f r o m  wing s t a l l  and a d i r cc t i ona l  divergence occurred a t  
low sweep angles, bu t  they were a l l ev ia ted  by the use of leading-edge f laps.  
Thc resul ts  o f  the extensive research program coupled w i t h  industry and 
Navy studies indicated t h a t  the new variable-sweep wing concept was sound and, 
when combined wi th  the new turbofan engines, offered the Navy the opt ion o f  a 
s ingle a i r c r a f t  w i th  t r u e  multimission capabi l i ty .  While the Navy eventual ly 
developed and procured the F-14, i t  was delayed by events described i n  the 
next sect ion. 
Research --____. r e l a t i v e  t o  A i r  Force requirements--During the period o f  the research 
directed toward the Navy requirements, Langley had kept i n  contact with the 
A i r  Force regarding possible appl icat ion of var iable sweep t o  t h e i r  f u tu re  
tac t i ca l -a i  r e r a f t  requirements. 
July 1959, the Tact ical  A i r  Comnand began looking a t  the p o s s i b i l i t y  o f  
variable sweep f o r  an a i r c r a f t  t o  meet t h e i r  requirement for  a ve r t i ca l - t akeo f f  
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While the A3J and CAP I1 models continued t o  be used i n  the expanded 
On the l e f t  i s  a phctograph o f  a 1/9- 
For the f r e e - f l i g h t  tests,  
Following a rev iew of the Langley research i n  
a i r c r a f t  having high-al ti tude supersonic and on-the-deck s t r i k e  capabi 1 i ty 
combined w i t h  long-range f e r r y  capahi l i ty .  
Langley s t a f f  was b r ie fed  by TAC on t h e i r  revised mission requlrements. 
stated that  they were convtnced t h a t  VTO capab i l i t y  could not  develop i n  the 
time period speci f ied and had changed t h e i r  requirements t o  a STOL operation 
out o f  3000-foot f i e lds .  They had prepared a Q u a l i t a t i v e  Operational Require- 
ment which ca l l ed  for  a ferry mission of 3500 naut ica l  miles and an 800- 
nautical-mile-radius attack mission w i t h  the outbound leg consist ing o f  
400 miles subsonic on-the-deck followed by 400 miles on-the-deckat Mach 1.2 
and a re turn a t  optimum a l t i t u d e  ( the so-cal led law-low-high mission). 
John Stack of fered NASA assistance and the research program was extended t o  
include the A i r  Force requirements. 
operation, t h i s  was the f i r s t  they had heard o f  the A i r  Force i n t e r e s t  i n  a 
long-range supersonic on-the-deck penetrat ion and i t  raised a new challenge 
i n  a i r c r a f t  design. 
a i r c r a f t  would be d ic ta ted by the high ra te  o f  fuel consumption resu l t i ng  
from the extremely high drag associated w i t h  the supersonic on-the-deck 
operation and (2 )  the high response o f  the a i r c r a f t  t o  low-a l t i tude a i r  
turbulence would be a major cont r ibut ion w i t h  regard t? p i l o t  and airframe 
fatigue and weapon del ivery accuracy. 
so lu t ion o f  these problems, i t  was obvious that  other design factors would 
have t o  be carefu l ly  factored i n .  
high speed and low a l t i t u d e  i s  very i n e f f i c i e n t  from an aerodynamic stand- 
point, and the previous studies o f  low-al t i tude high-speed mi:;ions had been 
l i m i t e d  t o  Mach numbers of 0.9 o r  less t o  minimize the addi t ional  penal t ies 
associated w i th  supersonic wave drag. The increase t o  Mach 1.2, whi le o f f e r i n g  
important t a c t i c a l  advantages, was accompanied by extremely large aerodynamic 
penzlt ies, d i c t a t i n g  n o t  only the engine th rus t  required but  the fue l  weight 
and volume t o  be provided for. Since the l ift-dependent, o r  induced,drag i s  
s m a l l  a t  the high dynamic pressures involved, there was l i t t l e  advantage i n  
attempting t o  improve t h i s  por t ion of the drag, and the e f f o r t  was placed on 
minimizing the supersonic wave drag and the s k i n - f r i c t i o n  drag. This requires 
a long-slender a i r c r a f t .  
Then i n  February 1960, the NASA 
They 
Although Langley researchers had been considering long-range on-the-deck 
I t  quickly became apparent t ha t  (1) the weight o f  the 
A1 though the variable-sweep concept provided the majcr step toward the 
For p rac t i ca l  wing loadings, f l i g h t  a t  
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The second fac to r  t h a t  strongly impacts the sea-level dash mission i s ,  
as mentioned previously, the importance of reducing the a i  w a f t  gust response. 
This requires a reduction i n  wing l i f t  response t o  angle-of-attack change, 
which could be best accomplished by reducing the exposed Wing area during dash. 
For the sea-level dash, the optimum configuration, therefore, becomes 
essent ia l ly  a high-f  tnenesf-ratio f l y i n g  fuselage, 
t i o n  defined, the conf igurat ion requirements for  the various missions can be 
i l l u s t r a t e d  as i n  the top por t ion of f igure 24, where three "po int  design" 
a i r c r a f t  representative of the A i r  Force requirements are shown. To meet 
these diverse requirements w i t h  a s ing le a i r c ra f t ,  i t  appeared t h a t  the 
v a r i  able-sweep concept previously studied could be extended by continuing the 
sweep process beyond 75' u n t i l  a large por t ion of the wing was essen t ia l l y  
"shielded" by the fuselage, resu l t i ng  jn a reasonable approximation of the 
f lying-fuselage concept. 
f o r  low-a l t i  tude f l i g h t  i s  extremely i n e f f i c i e n t  i n  r e l a t i o n  t o  the aerodynamic 
e f f i c i ency  developed by conventional-alt i  tude-cruise designs, but  t h a t  i t  
i s  a necessary t radeoff  f o r  the supersonic on-the-deck penetrat ion mission. 
i n  a i r c r a f t  design, Langley researchers carr ied out prel iminary design studies 
o f  f i v e  variaJle-sweep configurations, covering a var ie ty  o f  engine arrange- 
n m t ,  i n l e t  locations, wing planforms, and wing p i vo t  locations. From these 
studies i t  was concluded tha t  an a i r c r a f t  having a length on the order o f  
82 feet,  an equivalent area d i s t r i b u t i o n  approaching the theoret ical  optiinum, 
a cross sectional area of 45 square feet o r  less, and a takeoff weight i n  the 
range of 60000 pounds would be required t o  meet the low-low-high mission. I n  
addit ion, a wing span of approximately 68 fee t  would be required i n  the l o w -  
sweep mode t o  provide the high aerodynamic eff iciency required a t  subsonic 
speeds. 
To provide an ear ly  ind icat ion of the overa l l  aerodynamic and design 
imp1 i c a t i o n  of the fully-foided-wing concept, the outboard -p ivot  variable- 
sweep wing t h a t  was under invest igat ion w i t h  the A3J model was modif ied t o  
provide the fu l  ly-folded concept previously described. The design, model 
construction, and tests i n  the Langley 8-Foot Transmic Pressure Tunnel were 
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With the general character is t ics  of the high-speed on-the-deck configura- 
I t  must be kept i n  mind that  the concept required 
As a f i r s t  step i n  assessing the f e a s i b i l i t y  of such an extreme departure 
completed within 6 weeks o f  the Air Force disclosure to  Langley of the super- 
sonic on-the-deck mission. 
A33 variable-sweep-idng Mnd-tunnel studies for the Navy mission were presented 
t o  the Air Force, Langley was asked t o  provide assistance t o  the STOL task 
force a t  Wright-Patterson relative to the TAC requirements (SDR-17). Although 
SDR-17 did not  specify a vartable-sweep aircraft, the Wright field team was 
taking a serious look a t  a variable-sweep design based on the Langley concept. 
I t  soon became apparent t o  the Langley team t h a t  wind-tunnel data were 
urgently needed in order to fully evaluate the performance of the slender- 
aircraft fully-folded-wing concept and a high-priority study was initiater. an 
March 29, 1960. 
models of three Langley configurations and the Wright Field configuration 
and tested them in the Langley 8-Foot Transonic Pressure Tunnel .'O Two o f  
the Langley configurations are  illustrated i n  figure 25. Configuration 7 
utilized a pivot located within the fuselage, while configuration 8 utilized 
the outboard-pivot wing design. A 1  though the inboard-pivot wing exhibited 
t h e  problems with shift  in aerodynamic cneter discussed previously, i t  was 
included t o  provide tradeoff information relative t o  the new dash mission, 
since i t  provided for a more complete w i n g  retraction and was expected t o  
offer some structural-weight advantage. 
photograph on the lef t  is  of configuration 8 with the wings open t o  the 25' 
sweep condition. 
i n  the fully-folded conditior? and mounted on the sting support system in the 
Langley 8-Foot Transonic Pressure Tunnel. The results of these and later wind 
tunnel studies indicated t h a t  the resulting high-fineness ratio configurations 
offered sizable reductions in supersonic wave drag. 
Following the init ial  studies related t o  the sea-level dash, complete wind 
tunnei tests were made over a wide range of Mach numbers fo r  various sweep 
angles t o  define the optimum wing position for  each leg of the various missions. 
A n  example of some of the results i s  presented in figure 2 7 ,  where the aero- 
dynamic efficiency parameter, L/O,  i s  presented as a function of sweep angle 
for several Mach number and altitude conditions for configuration 8 a t  a 
After the results o f  the destgn studies for the Air Force Mission and the 
By working around the clock for  2 weeks, the team constructed 
Photographs o f  the wind-tunnel models ar?  shown in figure 26. The 
On the right i s  a photograph of configuration 7 with i t s  wing 
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weight o f  60000 pounds. The henl ' I ts  o f  var iab le sweep are read i l y  apparent; 
f o r  example, with the wing i n  the 25' sweep pos i t ion,  a l i f t - d r a g  r a t i o  i n  
excess o f  18 i s  obtal'ned f o r  a Mach number of 0.6 a t  30000 feet. 
vides outstanding f e r r y  range o r  l o i t e r  t ime,  whereas the 75' wing, which i s  
optimum f o r  the supersonic attack mission a t  60000 feet and PI = 2.2, would 
provide a subsonic l i f t - d r a g  r a t i o  o f  only 10. A lso i l l u s t r a t e d  i s  the 
previously discussed f a c t  that ,  whi le  the e f f i c iency  o f  sea-level supersonic 
operation i s  very low, there i s  a d i s t i n c t  advantage o f  the fully-folded-wing 
concept. 
response were also substantiated. 
invest igat ions of both s t a t i c  and dynamic s t a b i l i t y  character is t ics ,  
longi tud ina l  and l a t e r a l  control,  and a study o f  the pul l -up response avai lab le 
f o r  ter ra in- fo l lowing during the low-a l t i tude supersonic mission. Addi t ional  
designs were tested dur;ng the program and studies re la ted  t o  add i t iona l  
design requirements were also car r ied  out. 
The propulsion system was an important element o f  the mult imission 
a i r c r a f t  concept. Ear ly  i n  the program Langley stressed the importance o f  a 
new turbofan engine t o  match the v e r s a t i l i t y  o f  the variable-sweep airframe 
and worked c losely  w i t h  the engine manufacturers. I n  add i t ion  t o  the engine 
design, the in tegra t ion  o f  the engine and airframe was an important aspect-- 
p a r t i c u l a r l y  w i th  regard t o  the sea-level supersonic dash and i n  the f a l l  of 1960 
Langley i n i t i a t e d  an extensive propulsion-integration program. The f a c i l i t y  
selected f o r  t h i s  program was the Langley 16-Foot Transonic Tunnel because o f  
i t s  size, transonic capab i l i t y ,  and hydrogen-peroxide turbojet-engine simulator 
capab i l i t y  together w i t h  a s t a f f  experienced i n  propulsion research. 
the results" of the program ind icated the importance of the afterbody design 
and nozzle in tegrat ion,  p a r t i c u l a r l y  for  the sea-level dash mission, and 
i l l u s t r a t e d  the favorable interference associated w i t h  the long interengine 
fa i r ings  associated w i th  configuration 8. 
With the performance capab i l i t y  of thc configgration 8 concept now 
appearing h igh ly  favorable, Langley extended i t s  f r e e - f l i g h t  t es t i ng  i n  the 
fu l l -sca le  tunnel t o  cover the handling qua l i t i es  w i t h  the wing t rans i t i on ing  
t o  the fu l ly - fo lded condi t ion and performed fixed-base simulator studies 
re la ted  t o  possible ro l l -coup l ing  and te r ra in - fo l low ing  problems. 
This pro- 
Important benef i t s  o f  the high sweep angles i n  reducing gust 
The studies o f  configuration 8 were exteclled t o  include wind-tunnel 
B r i e f l y ,  
This research 
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coupled w i th  the variable-sweep-technolow studies car r ied  out  by Langley i n  
connection w i th  previously discussed Navy requirements provided informat ion 
u t i l i z e d  by industry and the A i r  Force i n  the Tact ica l  F ighter  study. 
Fowever, events were 3oon t o  take place t h a t  were t o  preclude the 
appl icat ion o f  the s lender-aircraf t  concept t o  the TFX [ t a c t i c a l  f ighter-  
experimental). 
the requirements o f  the A i r  Force, Navy, and Arrmly be combined i n t o  a T r i -  
Service t a c t i c a l  f ighter.  Eventually, i t  was reduced t o  a Bi-Service 
t a c t i c a l  f i g h t e r  f o r  the A i r  Force and Navy w i th  proposals being sent t o  
industry. Because o f  Navy c a r r i e r  compat ib i l i ty  requirements, the maximum 
length o f  the a i r c r a f t  was speci f ied a t  73 feet. 
length reductior' combined w i t h  the increased cross-sectional area required 
t o  recover fue l  volume would r e s u l t  i n  a low-fineness-ratio conf igurat ion 
w i th  l i g h t e r  supersonic wave drag, the A i r  Force reduced the supersonic p a r t  
c f  the on-the-deck l e g  o f  t h e i r  low-low-high mission t o  200 miles and 
increased the subsonic leg  t o  600 m i  les. 
Evaluation o f  the proposals fo r  the TFX began on December 6, 1961, and 
:asted u n t i l  November 24, 1962, when the General Dynamics/Grumnan team was 
awarded the contract t o  develop the a i r c r a f t .  A discussiov of the develop- 
ment o f  the F-111 i s  beyond the scope o f  t h i s  paper. However, i t  i s  f e l t  
per t inent  t o  po int  out t h a t  the low fineness r a t i o  of 8 resu l t ing  from the 
length r e s t r i c t i o n  coupled w i th  a large increase i n  cross-sectional area and 
a rap id afterbody closure produced very high supersonic wave drag, which was 
a major factor leading t o  an increased weight, and a fu r ther  degradation i n  
the supersonic dash distance. Despite these problems, the =-ill demonstrates 
cm-tendable mult imission capab i l i t y  and the large number of subsequent 
variaS!e-sweep a i r c r a f t  developed throughout the wor ld tends t o  confirm the 
soundness of the variable-sweep concept for  a i r c r a f t  requi r ing mu1 t imiss ion 
caoa5i 1 i ty. 
The Langley configuration research leading t o  the F-111 can be b r i e f l y  
-,lrrnarized w i th  f igure 28. where the three major phases o f  the research are 
' :1 urtrated: (1) the 195)) conceptual research r e s u l t i n g  i n  the basic outboard- 
p ivo t  a f t - t a i  1 configuration; (2 )  the 1959 research directed toward the Navy's 
combat a i r  pa t ro l  requirements, i l l u s t r a t e d  by the Langley CAP I 1  configuration 
I n  February o f  1951, the Secretary o f  Defense ordered t h a t  
Recognizing t h a t  the 
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but  also including the broad research u t i l i z i n g  the A3J model with the Langley 
wing; and (3)  the extensive 1960 research on a series of slender configurations 
wi th  fu l ly- fo lded-wing capabi l t ty,  as represented by conf igurat ion 8, which 
were designed t o  include the o r i g i n a l  long-range sea-level supersonic dash o f  
the A i r  Force mission. The s i m i l a r i t y  between these configurations and the 
resu l t i ng  F-111 i s  read i l y  apparent. 
During t h i s  time period, Langley also provided wind tunnel support f o r  
j o i n t  Industry/Langley studies deal ing w i t h  appl icat ion o f  the concept t o  the 
TFX. 
While only a b r i e f  overview of the Langley program was given here, some 
appreciation o f  tne magnitude o f  the program can be obtained from the f a c t  that 
a t  least  10 o f  Langley's wind tunnel f a c i l i t i e s  were used and a t o t a l  o f  over 
8000 occupancy hours were devoted t o  the research. 
INTERNATI OWL DEVELOPMENTS 
Since the Langley research and the development of the F-111, a large 
number o f  variable-sweep a i r c r a f t  have been b u i l t  throughout the world. 
the United States, o f  course, the F-14 f i gh te r  was procured for  the Navy and 
the A i r  Force B-1 bomber was carr ied t o  the prototype stage before being 
cancel led. 
variable-sweep a i r c r a f t  along w i th  several variants appear t o  represent the 
major i ty o f  t h e i r  m i l i t a r y  a i r c r a f t  development since the mid-1960's. 
s i m i l a r i t y  t o  the U.S. configurations and the fact t ha t  the f i r s t  S o v i e t  
version was not  observed u n t i l  1967 would suggest the p o s s i b i l i t y  t h a t  they 
r e l i e d  heavi ly on i n te l l i gence  reports of the U.S. development. 
prototype i n  the Dassault Mirage research series, which d i d  not go i n t o  
production, and the Panavia Mult i-Role Combat a i r c r a f t  "Tornado" current ly  
i n production. 
CONCLUDING REMARKS 
I n  
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With regard t o  Soviet a i r c ra f t ,  i t  i s  i n te res t i ng  t o  note t h a t  the four 
The 
The two West-European variable-sweep a i r c r a f t  are the French experimental 
The progression of the variable-wing-sweep concept from i t s  e a r l i e s t  
suggested *Ise for  high-speed airplanes t o  the degree of acceptance t h a t  
presently ex is ts  has been found t o  be considerably more complicated than the 
simple introduct ion of the neev wing and i t s  mechanism i n  place o f  a f ixed-  
sweep wing i n  essent ia l ly  the same airplane. To obtain maximum bene f i t  
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from var iab le  sweep, new requirements must he imposed on other items--such 
as the propulsfon system, tbe h i g h - l i f t  devices, and the controls.  Even 
f o r  a fu l l y - i n teg ra ted  design, i t  i s  not  reasonable t o  compare a var iab le -  
sweep airplane w i t h  a ffxed-sweep airplane i n  the context of the same spec i f i -  
cation, since each design approach has i t s  own unique advantages. 
The ra the r  widespread design, manufacture, and use of variable-sweep 
airplanes i n  several countr ies shows t h a t  the development process has bxome 
a matter o f  rout ine engfneering, with l i t t l e  o r  no more uncer ta in ty  o f  and- 
product performance than would be expected for  a fixed-sweep design. Never- 
theless, the opportuni ty s t i l l  e x i s t s  fo r  a mre complete understanding o f  
the best way t o  e x p l o i t  the unique c a p a b i l i t y  o f  variable-sweep airplanes. 
Also, the po ten t i a l  of several design approaches other than those i n  cur ren t  
use--such as the variable-skew wing and var iab le  forward sweep-is f a r  from 
establ ished a t  t h i s  time. 
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